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PURPOSE 

The  purpose  of  the  work  under  Contract  DA-36-039-SC- 
90699  is  to  study  various  hydrogen  generating  systems,  to  design 
a  hydrogen  generator  for  high  altitude  balloons  and  to  produce  a 
test  supply  of  charges  for  the  U,  So  Army,  The  U.  S.  Army  has 
need  of  an  economical  and  portable  supply  of  hydrogen  to  inflate 
weather  balloons  in  the  field.  Heretofore  they  have  used  a 
Hydrogen  Generator  Set  AN/TMQ-3  and  Calcium  Hydride  Charges 
ML-304/TM  and  ML-30S/TM  to  inflate  800  gram  neoprene  ML-S18 
balloons.  Design  specifications  outlined  in  accordance  with  the 
Signal  Corps  Technical  Requirement  SCL=5743-A  require: 

(1)  A  chemical  charge  of  NaBll4  or  NaAlH4 
which  will  produce  45  SCF  of  H2  in 
30  minutes  and  have  a  minimum  shelf 
life  of  10  years. 

(2)  An  expendable  and  economical  container 
compatible  with  the  32  gallons  or  a 
maximum  of  50  gallons  of  water,  if 
desired. 

(3)  The  generator  should  have  a  capacity 
of  1  to  6  charges,  and  be  equal  to  or 
smaller  than  the  present  AN/TMQ-3 
generator, 

(4)  The  weight  of  the  generator  should  be 
equal  to  or  less  than  the  present  model, 
operate  at  low  pressure,  and  be  of  a 
simple,  rugged  but  safe  design. 

(5)  Hydrogen  generation  must  be  started 
within  10  minutes  after  setup  and  a 
balloon  must  be  inflated  within 

30  minutes. 

(6)  The  new  design  should  be  capable  of 
being  cleaned  and  repacked  or  available 
for  reuse  within  15  minutes  and  should 
also  produce  99%  hydrogen  evolved  at 
temperatures  below  140*F. 


An  outline  of  the  test  program  is  as  follows: 

1.  Make  a  survey  of  the  literature  to 

determine  the  state  of  the  art  of  gen¬ 
erating  hydrogen  and  the  most  promising 
and  economical  method  of  producing  H2 
for  high  altitude  balloons. 
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2.  Conduct  laboratory  scale  tests  to 
determine  the  best  method  of 
accelerating  the  reaction;  water 
requirements;  and  the  best  anti" 
foam  agents,  where  required^ 

3.  Make  a  preliminary  design  of  a 
large  scale  generator  to  evaluate 
45  cu  ft  charges  to  obtain 
engineering  data„ 

4.  Perform  shelf  life  tests  on  the 
most  promising  chemical  charges-. 

5.  Make  an  evaluation  of  the  large 
scale  charges  in  the  preliminary 
design  generator  to  evaluate  per- 
f ormance , 

6.  Make  a  final  design  of  generator 
and  prepare  SO  NaBH4  and  50  NaAlH4 
charges  for  submission  to  the 

Uo  So  Army  Electronics  Research  and 
Development  Laboratory.. 

7.  Following  approval  of  this  model, 
fabricate  two  development  model 
hydrogen  generators  and  package 
150  charges  of  NaBH4o 

8.  Prepare  operation  manuals  and 
chemical  specifications  of  the 
packaged  charges, 

9.  Provide  technical  personnel  to  the 
Uo  So  Army  Electronics  Research  and 
Development  Laboratory  during  tests 
of  the  generator  at  Fort  Monmouth, 

10.  Make  monthly,  quarterly  and  final 

reports  in  accordance  with  contract 
requirements  as  outlined. 


MSA  Re  search  Corporation - 
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ABSTRACT 

During  this  report  period,  1  January  1963  -  1  April 
1963,  ninety  (90)  small  and  large  scale  tests  (up  to  270  cu  ft  Hg 
STP]  were  run.  Data  obtained  from  these  tests  enabled  the  design 
and  packaging  of  fifty  (SO)  NaBH4,  fifty  (50)  NaAlH4  charges  and 
the  design  and  fabrication  of  a  test  model  Hydrogen  Generator 
(Model  XI) .  The  Generator  and  100  charges  were  shipped  to  the 
U.  S.  Army  Electronics  Research  and  Development  Laboratory, 

MSAR  personnel  demonstrated  the  test  model  Hydrogen 
Generator  on  29  March  1963,  Two  runs  were  conducted,  each  reacting 
three  NaBH4  charges  and  evolving  the  required  135  cu  ft  H2. 

Parameters  investigated  during  this  period  included  the 
forming  pressure  and  physical  packaging  technique  of  large  and 
small  quantities  of  NaBH4:  and  the  mixing  of  various  amounts  and 
combinations  of  catalysts.  These  efforts  were  primarily  directed 
toward  obtaining  a  uniform  hydrogen  generation  rate  from  NaBH4. 

The  best  package  developed  was  a  550  gm  NaBH4  charge  containing 
40  gm  LiH,  11  gm  C0CI2  pressed  in  a  3  in,  x  8  7/8  in,  canister. 

A  uniform  H2  generation  rate  has  been  achieved  with 

NaAlH4. 


Shelf  life  tests  indicated  NaBH4  samples  stored  at  50”C 
gave  lower  yields  than  fresh  control  samples  and  required  a  longer 
time  for  H2  evolution.  The  NaAlH4  runs  showed  no  significant 
differences  from  similar  fresh  controls. 
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REPORTS  AND  CONFERENCES 

Within  this  report  period,  1  January  1963  -  1  April 
1963,  the  following  reports  were  issued  and  conferences  held. 

Reports 

1.  MSAR  63-17  Second  Quarterly  Progress  Report 
"Hydrogen  Generation  for  High  Altitude  Balloons" 
W.  J.  Carter,  R,  A.  Spencer  and  M.  J,  McGoff 

26  February  1963 

2.  MSAR  63-27  Letter  Report  No.  5 

"Hydrogen  Generation  for  High  Altitude  Balloons" 
W.  J.  Carter  and  M.  J.  McGoff 
4  February  1963 

3.  MSAR  63-45  Letter  Report  No.  6 

"Hydrogen  Generation  for  High  Altitude  Balloons" 
W.  J.  Carter  and  M.  J.  McGoff 
4  March  1963 

4.  MSAR  63-50  Trip  Report 

U,  S,  Army  Electronics  Research  and  Development 
Laboratory 
M.  J.  McGoff 
25  March  1963 

Confe rences  , 

1.  On  18  January  1963,  at  Gallery,  Pa.,  R.  Welt  of 
the  U.  S.  Electronics  Research  and  Development 
Laboratory  conferred  with  MSAR  personnel  on 
progress  of  the  project  and  problems  anticipated 
in  production  of  end  items. 

2.  On  29  March  1963,  at  Fort  Monmouth,  New  Jersey, 
a  conference  was  held  and  the  test  model 
Hydrogen  Generator  was  demonstrated. 
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EXPERIMENTAL 

During  this  report  period,  1  January  1963  -  1  April 
1963,  ninety  (90)  tests  were  made  with  NaBH4  and  NaAlH4  charges. 
These  were  conducted  in  order  to  develop  a  charge  canister,  a 
generator  and  a  packaging  procedure  that  would  evolve  the 
desired  amount  of  H2  in  the  required  length  of  time  (30  minutes) . 

The  test  methods  and  areas  of  investigation  were  as 

follows : 

1.  Continued  investigations  of  shelf  life 
samples . 

2.  A  series  of  runs  using  six  (6)  consecutive 
NaAlH4  charges  in  the  same  water. 

3.  Sizing  the  canisters. 

4.  Tests  to  corroborate  the  interpolation 
of  small  to  large  scale  test, 

5.  Sizing  the  generator. 

6.  Steps  taken  to  improve  the  reaction  rate 
of  the  NaBH4  charge. 

a.  The  use  of  wax  or  mineral  oil 
combined  with  NaBH^  in  the 
lower  portion  of  the  charge. 

b,  A  baffle  plate  with  twenty  1/16  in. 
dia.  holes  and  inserted  near  the 
bottom  of  the  charge  canister. 

--  c.  The  application  of  different 

packaging  pressure  from  the  bottom 
to  the  top  of  the  charge  canister. 

d.  The  variation  of  amounts  and  per 
cent  of  C0CI2  mixed  in  the  different 
stages  of  the  charge. 

e.  The  addition  of  LiH  to  the  top 
layer  to  speed  up  H2  evolution  and, 
give  a  more  predictable  reaction 
time. 
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f.  The  use  of  more  than  one  catalyst 
(AISO4  and  B2O3  with  C0CI2)  to 
start  the  reaction o 

A  charge  generates  4S  cu  ft  H2  measured  at  standard 
conditions  of  O’C  and  760  mm  Hg  and  will  be  indicated  as  such  in 
this  report  unless  otherwise  statedo 

1.  Laboratory  Tests  With  NaBH4  and  NaAlH^ 

Small  scale  tests  with  NaBH4  and  NaAlH4  are  tabulated 
in  Table  1.  Large  scale  test  results  with  NaBH4  and  NaAlH4  are 
listed  in  Table  2„  Large  scale  tests  are  defined  as  those  that 
generated  45-270  cu  ft  (STP)  H2o  Major  emphasis  during  this  report 
period  was  placed  on  large  scale  testing  to  evolve  a  suitable 
hydrogen  charge  and  generator  design  for  the  Army  which  could 
generate  up  to  270  cu  ft  H2  in  a  30  minute  period c 

Small  Scale  Tests  With  NaBH4 

The  small  scale  tests  were  run  to  investigate  techniques 
to  control  H2  generation  before  advancing  to  full  scale  test 
charges.  Data  obtained  from  these  runs  which  appeared  promising 
was  then  used  as  information  in  packaging  charges  for  large  scale 
testing.  Specificially ,  the  concentration  of  the  catalyst  C0CI2 
and  forming  pressures  were  surveyed  in  the  small  scale  tests.  It 
was  found  that  small  scale  test  data  was  limited  in  the  applica¬ 
bility  to  large  scale  tests  because  of  the  NaBH4  behavior. 

Small  Scale  Tests  With  NaAlH4 


Small  scale  test  data  with  NaAlH4  was  found  to  be 
applicable  to  large  scale  tests.  Extrapolation  of  small  scale 
data  was  used  to  mock-up  the  large  scale  tests.  Data  for  small 
scale  tests  with  NaAlH4  is  given  in  Table  1. 

The  primary  problem  with  NaAlH4  has  been  the  moderation 
of  the  reaction  with  water.  Paraffin  wax  has  been  found  to 
accomplish  the  moderation  of  the  reaction  but  the  wax  must  be 
melted  in  the  mixing  operation.  To  eliminate  the  melting  of  wax, 
mineral  oil,  a  liquid  at  room  temperature,  was  investigated  as  a 
possible  moderating  agent.  A  small  scale  run  prepared  with 
mineral  oil  did  not  effectively  moderate  the  reaction  as  well  as 
the  paraffin  wax. 

A  small  scale  test  of  six  successive  charges  of  NaAlH4 
was  run  and  data  plotted  in  Fig.  1.  The  test  was  run  in  the 
laboratory  test  apparatus,  in  which  the  water  temperature,  H2 
temperature,  and  H2  flow  rate  were  recorded  As  indicated  by  the 


TABLE  1  -  SMALL  SCALE  EXPERIMENTS  WITH  NaBH4  AND  NaAlH4 


HyJridfl  PrapTation 


COMposltlon  and  kVeieht  (8) 

Cup 

rormlng 

Water 

Ii2  Yield 

Elapsed 

Run 

Diameter 

Pressure 

Volume 

Temp. 

I  Iters 

Time 

Remarks 

No. 

(») 

(psl) 

f liters) 

Start 

End 

Qt  STP 

-ill 

(min) 

1S4 

NaBll4 

-118;  CoCl2-  10 

70^ 

3.900 

52  1/2 

-- 

-- 

7.43 

80.0 

16 

ISS 

NaAlll4-S2j  Wax-10 

272 

11,350 

1 

20 

81 

2.29 

92.0 

12 

156 

NaAlll4-25;  Wax-5 

45' 

3.200 

2 

31 

58 

1.31 

89.0 

3.7 

Six  (,6)  consecutive  charges 

45 

r 

- 

33 

55 

1.31 

89.0 

3.7 

45 

i 

- 

54 

71 

1.31 

89.0 

6.0 

Water  cooled  before  second 

45 

j 

- 

65 

79 

1.31 

89.0 

3.5 

and  sixth  cups  were  added. 

45 

t 

1 

- 

76 

86 

1.36 

91.6 

4.5 

45 

• 

32 

56 

1.31 

89.0 

3.8 

1S7 

NaAllI 

4-25;  Wax-S 

27 

3,400 

1 

20 

64 

1.33 

90.0 

6.5 

158 

27 

6,800 

1 

19 

58 

1.34 

90.0 

8.5 

159 

27 

11,350 

1 

20 

66 

1.30 

89.0 

7.0 

160 

NaAlll4-48;  Nax-9.S 

27 

3,400 

2 

19 

52 

2.09 

92.5 

10.0 

161 

NaAlll4-S4;  Hax-10.8 

27 

3,400 

4 

20 

39 

2.36 

93.0 

9.8 

162 

\ 

27 

6,800 

2 

18 

58 

2.37 

93.5 

12.8 

163 

NaAlM4-52;  Hax-10.4 

27 

13,600 

4 

16 

36 

2.24 

92,0 

12. s 

164 

NaAlll4-50;  Nax-10.0 

42. S5 

2.140 

2 

22 

63 

2.68 

91.5 

4.1 

165 

NaUH. 

-50;  Cori2-4 

42.5 

1,780 

3 

16 

45 

3.74 

90.0 

11.7 

166 

42.5 

1,780 

2 

20 

54 

3.85 

92,0 

8.0 

167 

Naail4 

-25;  C0CI2-4 

45 

3,200 

1 

18 

35 

0.80 

38.0 

16.0 

.Used  sea  water,  low  yield 

16S 

I 

45 

1 

16 

49 

1.85 

88.5 

12.0 

Control  tap  water 

169 

i 

45 

1 

19 

39 

1.25 

59.9 

35.0 

Used  sea  water 

195 

NaBil4 

-25;  NaAill4-2.5 

45 

1 

-- 

-- 

-- 

•• 

-- 

No  catalyst,  only  NaAll^ 
reacted 

198-205 

NaBll4 

-25;  C0CI2 

45 

— 

1 

- 

-- 

•• 

-- 

-- 

S.all  .cal.  aa^>l..  pack- 

apad  to  dupllcat.  lari, 
seal,  t.tt,  Raault  did  not 

221 

NaAlll4-25;  Mineral  Oil-3.8 

45 

3,200 

1 

22 

63 

1.08 

72.0 

1.8 

dupllcat.  lari.  seal,  t.at. 

Noto : 

1  45  «•  cup;  surface  area 

15.90  sq 

cm 

2  27  m  cup;  surfict  ara*  S.72  iq  cu 

i  42. S  m  cup;  surface  area  14. 2S  aq  c» 
4  70  ■■  cup;  surface  area  31.5  sq  cu 
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TABL£.  2  -  LAKGR  liOALfi  iJYDIWnEM  GF.NERATION  FROM  NaBH4  AND  NaAlH4 


Ilvdridt 

Preoaration 

lAUOIlllOh  1  N 

[liMber 

cup  ForMing 

. 

Run 

of 

Olaa.  Pressure 

voiuae 

Nc, 

(u)  Ctnlitari 

1 

(fisl) 

170 

600  NaBIli  52  CoCU 

one 

(18)  3»40G 

6 

171 

600 

52 

3,400 

6 

172 

600 

48 

4,000 

6 

173 

600 

144 

throe 

18 

174 

600 

48 

one 

6 

175 

I 

24 

176 

1 

16 

177 

1 

16 

178 

1 

48 

179 

X 

14 

180 

▼ 

12 

181 

200 

16 

400 

0 

' 

182 

200 

16 

Two 

400 

0 

12.7 

183 

200 

16 

three 

400 

0 

17.0 

184 

200 

16 

one 

400 

0 

6 

185 

250 

20 

350 

0 

6 

186 

200 

16 

400 

0 

6 

187 

300 

24 

300 

0 

6 

188 

200 

16 

200 

0 

200 

40  Wax 

6 

189 

300 

24  CoClj 

300 

45  Wax 

6 

190 

300 

24  C0CI2 

300 

45  Wax 

4 

191 

300 

24  C0CI2 

150 

0 

150 

22.5  Nax 

5 

192 

300 

24  C0CI2 

200 

0 

too 

15  Wax 

6 

193 

300 

24  C0CI2 

100 

0 

200 

Below  a 

6 

baffle  plate 

*194 

200 

16  C0CI2 

Top  2,500 

100 

0 

Center  ” 

300 

0 

BottOM  5,000 

6 

196 

250 

20  C0CI2 

ISO 

0 

i 

700 

Below  a 

r 

J 

5.3 

baffle  plate 

9 

1 

197 

250 

20  C0CI2 

Six 

Top  2,000 

350 

0  ^ 

Bottom  S.OOO 

32 

218 

250 

20  C0CI2 

One 

150 

0 

Top  2,000 

200 

20  Mineral  oil 

Bottom  5,450 

6 

219 

250 

20  C0CI2 

Top  2,500 

350 

0  ^ 

Bottom  5,450 

6 

220 

200 

8  C0CI2 

Top  3,000 

400 

0 

Bottom  5,450 

6 

222 

250 

20  C0CI2 

Six 

Top  4,000 

350 

0 

Bottom  4,000 

6 

223 

200 

so  LIII4 

One 

Top  4,000 

11  C0CI2 

1 

Bottom  5,450 

6 

350 

0 

r 

Water 

H?  Yi.ld 

El.pt. d 

Temp.  - 

fC) 

cU  ft 

- TheOf. 

TIm 

Remarlrs 

Initial 

Pinal 

at  STP 

(»)■- 

(■In) 

IS 

51 

43.4 

87.0 

8 

16 

S3 

46.2 

92.5 

8 

25 

28 

46.0 

92.0 

46 

21 

40 

. 

• 

22 

• 

• 

. 

11.5 

(2) 

20 

55 

. 

21.0 

21 

56 

- 

25.9 

(3) 

21 

55 

45.5 

91.0 

21 

. 

- 

(«) 

13 

48 

46.3 

92.5 

72 

20 

54 

46.0 

92.0 

58 

21 

55 

47.0 

94.0 

37 

20 

52 

95.0 

91.3 

46 

(5) 

22 

59 

137.0 

91.5 

39  .S 

(S) 

21 

54 

45.6 

91.2 

48.0 

(») 

22 

55 

45.8 

91.6 

36.9 

21 

54 

45.2 

90.5 

59 

V) 

21 

55 

45.1 

90.2 

27 

21 

53 

44.5 

89.0 

50 

(1) 

21 

38 

25.7 

45.0 

16 

(») 

21 

67 

45.9 

91.6 

33 

20 

60 

45.4 

90.6 

19.3 

21 

54 

44.4 

87.2 

32 

21 

56 

45.6 

01.2 

19.5 

21 

55 

44.6 

89.4 

35.5 

20 

58 

43.1 

86.5 

39.2 

19 

58 

272 

90.0 

22.6 

(10) 

20 

51 

46.2 

92.4 

38 

10 

47 

45.6 

91.2 

44 

20 

55 

45.8 

91.6 

59 

V 

20 

56 

274 

91.5 

29.9 

(11) 

21 

59 

48.4 

96.0 

30.5 

TABLE '2  -  LARGE  SCALE  HYDROGEN  GENERATION  FROM  NaBH4  AND  NaAlH4  (cont) 


224 

¥2$  NaAlMa 

140  Wax 

1  S,4S0 

8 

22 

71 

45.5 

94.0 

25 

22$ 

200  NaBli4 

so  Lill 

Top  4,000 

6 

21.5 

60.5 

45.7 

95.0 

26.3 

11  CoCU 

1 

3S0 

0 

>r  Bottom  5,450 

6 

21 

60 

45.7 

95.0 

26.5 

226 

200 

40  Lill 

Six  Top  4,000 

11  C0CI2 

3S0 

0 

Bottom  5,450 

36 

17 

56 

280 

93.4 

31 

(12) 

227 

82$  Na/llh 

140  Wax 

Three  5,450 

27 

21 

63 

135 

90.0 

28 

231 

$40  Na0H4^ 

SO  Lill 

310  gm  NaBlli  on  bottom 

8  Wax 

heated  to  100*C  2  hrs 

46.6 

10  C0CI2 

pressed  to  15,000  psig. 

6 

21 

60 

24 

Balance  of  charge 

pressed  to  10,000  pslg 

232 

S7S  NaBll4 

2$  tin 

25  gm  Lill  placed  between 

16  C0CI2 

175  gm  NuBfl4  and  200  gn 

NaBlli  pressed  to 

6 

21 

58 

48.0  ft^ 

32 

(13) 

14,000  pslc*  Top  200  gm 
NABII4  pressed  to  6,000  psig 


233 

550  NaBli4 

40  B2O1 

11  C0CI2 

350  gn  NaBH4  on  bottom 

14,000  psig.  Balance  on 
top  pressed  to  7,000  psig 

6 

21 

53 

35.7 

(i«) 

(15) 

234 

550 

40  LiH 

11  C0CI2 

(See  Run  No.  228) 

6 

21 

46 

60 

(lO 

235 

550  Na8H4 

40  LiH 

(Sco  Rjn  No.  228) 

6 

21 

SB 

36 

11  CoClj 

236 

550 

40  Liil 

11  C0CI2 

(See  Rin  No.  228) 

6 

21 

44 

60 

(17) 

(1)  Reaction  bocane  violent  after  IS  nin, 

(2)  Repeat  of  Run  173.  Toanod  out  of  10  gal.  container  inside  a  30  gal.  drum. 

(3)  Meter  failed  during  run. 

(4)  Baffle  plate  on  top  of  canister. 

($)  Canister  in  vertical  position. 

(6)  Canister  in  horitontal  position. 

(T*)  Sane  HjO  as  Run  18S. 

(8)  Wax  slowed  reaction  down. 

(9)  Stopped  at  wax. 

(10)  Foan. 

(11)  107$  p1  Foan  and  condensate. 

(12)  263  cc  foan  and  condensate. 

(13)  Lill  reacted  as  expocted  at  26  nin.  M2  evolution  rate  increased  from  1  ft^/nin  to  9.8  ft^/nin. 

(14)  B2O3  boric  anhydride  gave  smooth  Mj  evolution.  No  acceleration  of  reaction  near  end* 

(15)  Run  outside  in  ^0*C  atmosphere  open  drum  to  observe  foam  <v$  in. 

(16)  Repeat  of  above  except  drum  was  insulated.  Foam  ^  S  in. 

(17)  Used  240  ml  gum  turpentine,  80  ml  aniline.  Reduced  foam  to  less  than  1  in.  Note:  slow  reaction  tine, 
also  obnoxious  vapor. 

(18)  4  3/4  in.  diameter  cup  used  in  Runs  170  and  171,  all  other  runs  used  a  standard  3  in.  diameter  canister. 
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FIG.  1  -  SIX  CONSECUTIVE  NaAlH4  CHARGES 
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curves,  NaAlH4  charges  can  be  run  in  succession  using  the  same 
reaction  water  (pH  11.7)  with  very  little  difference  in  H2  rate 
reaction.  Some  of  these  charges  were  run  at  higher  initial 
starting  temperatures.  The  higher  temperatures  (24°  -  76°C) 
also  had  little  effect  on  the  H2  reaction  rate. 

Large  Scale  Tests  With  NaBH4 

Table  2  lists  data  obtained  on  large  scale  tests  with 

NaBH4. 


Various  techniques  were  examined  in  an  effort  to 
promote  uniform  hydrogen  generation  with  NaBH4.  One  of  the 
major  problems  in  generating  H2  with  NaBH4  is  the  formation  of 
foam.  Foam  is  a  function  of  instantaneous  H2  generation  rate. 

If  generation  rate  is  too  rapid,  excessive  foaming  results  thus 
requiring  a  large  free  volume  to  contain  the  reaction.  There¬ 
fore,  a  major  solution  to  development  of  a  suitable  hydrogen 
generation  using  NaBH4  lies  in  the  techniques  of  packaging  NaBH4 
to  give  a  uniform  H2  evolution  rate.  The  following  techniques 
have  been  explored  in  large  scale  tests  to  develop  a  uniform 
H2  generation  rate  with  a  minimum  formation  of  foam. 

These  approaches  have  been: 

a.  The  use  of  wax  and  mineral  oil 

b.  Baffle  plate 

c.  Application  of  different  packaging 
pressure 

d.  Varying  the  amount  of  C0CI2 

e.  Seeding  NaBH4  charge  with  LiH 

f.  Combination  of  other  catalysts 
with  C0CI2 

a.  The  Use  of  Wax  and  Mineral  Oil 


A  number  of  charges  were  run  in  which  mineral  oil  or 
wax  was  incorporated  into  the  charge.  This  was  suggested  as  a 
means  of  forming  a  partial  barrier  to  slow  down  the  accelerating 
reaction  which  takes  place  in  the  last  half  of  the  charge.  As 
can  be  seen  in  Fig.  2,  Run  No.  189,  the  wax  completely  stopped 
the  reaction  with  50t  of  the  H2  evolved.  A  subsequent  charge  Run 
No.  190  was  run  in  which  less  water  was  used  in  order  to  increase 
the  temperature  of  the  water  so  that  the  wax  would  melt.  On 


Time,  Minutes 

FIG.  2  -  NaBHi  IMPREGNATED  vaTH  WAX 
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reacting  this  charge,  the  reaction  rate  was  slowed  up  at  the  wax 
front  (after  14  minutes)  and  then  proceeded  to  accelerate  again. 
Temperatures  were  26 *F  higher  when  the  wax  barrier  was  encountered. 
A  third  charge  was  (Run  No.  191)  run  in  which  the  wax  was  pressed 
in  the  bottom  quarter  of  the  charge.  On  reaction  of  this  charge, 
the  wax  had  no  visible  effect  on  the  H2  evolution  rate.  Mineral 
oil  was  used  in  Run  No.  218;  200  gm  was  mixed  and  pressed  with 
the  bottom  1/3  of  the  charge.  On  reaction  of  this  charge,  the 
decelerating  effect  was  too  long;  i.e.,  after  30  minutes.  In 
view  of  these  results,  no  further  work  was  done  to  incorporate  the 
wax  or  mineral  oil  into  the  NaBH4  charge. 

b.  Baffle  Plate 


A  baffle  plate  with  twenty  1/16  in.  dia.  holes  was 
placed  1/3  of  the  way  up  from  the  bottom  of  the  charge  canister. 

It  was  anticipated  that  the  decreased  area  would  limit  the  amount 
of  water  present  at  the  reacting  chemical  front.  On  reacting  the 
charge,  there  was  not  visible  difference  between  this  and  a  standard 
canister,  so  effort  along  this  line  was  discontinued, 

c.  Application  of  Different  Packaging  Pressures 

A  number  of  experiments  were  run  in  which  the  forming 
pressure  of  the  charge  was  varied  from  1,000  to  6,000  psi.  Data 
from  these  runs  indicated  that  the  higher  forming  pressures  tend 
to  give  longer  reaction  time.  The  data  obtained  looked  promising 
enough  that  further  work  using  higher  pressures  or  hot  pressing 
the  material  would  be  worthy  of  consideration. 

d.  Varying  the  Amount  of  Cobalt  Chloride 

A  new  approach  was  required  to  slow  down  the  pro¬ 
hibitively  fast  reaction  caused  by  a  NaBH^  charge  packaged  with 
81  C0CI2  and  reacted  in  6  gal  of  water.  Fig.  3  shows  two 
characteristic  type  curves:  One  curve  is  a  NaBH4  charge  having 
8t  C0CI2  (a  total  of  48  g)  mixed  with  the  charge  and  the  other  is 
a  NaBH4  charge  having  8t  C0CI2  (a  total  of  16  g)  mixed  with  the 
top  200  gm  NaBH4.  Experiments  were  set  up  to  study  the  effects 
of  varying  the  per  cent  of  COCI2  mixed  with  the  top  portion  of  the 
charge.  The  data  obtained  indicated  that  even  for  identical 
charges,  time  required  for  reaction  was  very  unpredictable,  with 
as  much  as  25  minutes  variation  in  reaction  time. 

e.  Seeding  NaBHa  Charge  with  LiH 

In  order  to  develop  a  more  predictable  charge,  it  was 
theorized  that  a  highly  active  hydride  material  could  be  seeded  with 
the  NaBH4  to  disperse  the  C0CI2  more  quickly  in  the  reaction  water. 


Wil 


Time,  Minutes 

FIC.  3  -  EFFECT  OF  C0CI2  ON  REACTION  TIKE  WITH  NaBH4 
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The  top  portion  of  the  NaBH4  charge  was  seeded  with  LiH  which 
was  selected  because  of  its  high  available  yield  of  Hg  per  unit 
weight.  Fig.  4  shows  two  of  these  charges  seeded  with  50  gm  of 
LiH  and  reacted  in  a  sealed  H2  generator  using  6  gal  of  water  at 
temperatures  of  70 *F.  The  total  time  of  reaction  of  this  type 
charge  has  been  predictable  within  ^  3  minutes. 

f.  Combination  of  Other  Catalysts  With  CoCl2 

One  test  was  conducted  using  boric  oxide  and  C0CI2 
mixed  and  compressed  with  the  NaBH4  charge.  As  shown  on  Fig.  5, 
the  behavior  of  the  charge  with  boric  oxide  has  a  somewhat  more 
uniform  H2  generation  reaction  without  greatly  altering  the  total 
reaction  time  or  reducing  the  yield.  In  view  of  the  results,  it 
is  felt  that  further  work  on  mixing  of  different  types  of  catalysts 
would  provide  more  uniform  H2  evolution  rates. 

One  test  was  run  using  4t  aluminum  sulfate  (8  gm)  and 
41  cobalt  chloride  (8  gm)  mixed  with  the  top  200  gm  of  NaBH4.  On 
reacting  the  charge,  the  H2  evolution  rate  curve  was  very  similar 
to  that  of  a  straight  C0CI2  catalyst  charge.  This  similar  reaction 
rate  was  attributed  to  the  low  per  cent  of  AISO4  initially  packaged 
with  the  charge. 

The  behavior  of  the  hydrolysis  reaction  of  a  solid  NaBH4 
charge  was  examined  in  other  runs.  One  experiment  was  set  up  to 
check  whether  a  NaBH4  charge  packaged  in  a  3  in.  dia.  canister 
reacted  as  a  moving  front  or  is  the  NaBH4  dissolved  out  into  the 
water  after  a  short  period  of  time.  The  test  canister  was  packaged 
first  pressing  175  gm  NaBH4  in  the  bottom  followed  by  a  25  gm 
section  of  LiH,  then  200  gm  NaBH4  and  on  top  200  gm  NaBH4  and 
16  gm  C0CI2  mixture.  Thus,  the  section  of  LiH  was  located  2/3  from 
the  top  of  the  charge.  As  shown  on  Fig.  6,  a  vertical  line  crossing 
the  H2  rate  curve  is  the  theoretical  point  at  which  66t  of  the 
available  H2  has  been  evolved.  The  H2  evolution  rate  curve  indicates 
that  the  LiH  is  reacting  at  this  point  and  that  the  NaBH4  dissolves 
as  a  moving  front  through  the  charge. 

One  of  the  disadvantages  in  the  use  of  NaBH4  for  the 

Generation  of  hydrogen  is  the  tendency  of  the  reacting  solution  to 
orm  a  varied  volume  of  foam.  This  formation  of  foam  is  peculiar 
to  the  borohydride  among  the  different  materials  tested  for  use  in 
H2  generation;  however,  it  may  be  tied  in  with  the  fact  that  of 
these  materials,  only  the  borohydride  dissolves  in  water  prior 
to  reacting. 

In  other  experiments,  a  NaBH4  charge  was  reacted  in  an 
open  container  to  observe  foam  formation.  The  foam  appeared 
shortly  after  the  start  of  the  reaction.  Small  bubbles  completely 
covered  the  water  surface  and  were  dispersed  after  reaching  a 


TiiM  (ain) 

FIG.  4  -  TYPICAL  Hz  GENERATION  WITH  N»BH4  CHARGE  CANISTER 


PIG.  5  -  GENERATION  OF  H2  WITH  NaBH4  BLENDED  WITH 
C0CI2  and  B2O3  CATALYSTS 
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FIG.  6  -  TIKE  REQUIRED  FOR  NaBH4  TO  DISSOLVE  IM  WATER 
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diameter  of  approximately  1/2  in.  These  bubbles  look  and  acted 
similar  to  those  found  in  soapsuds.  In  several  of  the  open  foam 
experiments,  black  particles  (believed  to  be  cobalt  boride)  about 
the  size  of  a  pin  head  were  observed  floating  and  being  agitated 
on  the  foam.  As  the  reaction  progressed,  the  bubbles  continually 
increased  in  diameter  before  dispersing. 

Three  runs  were  analyzed  to  determine  the  maximum  amount 
of  foam  produced  at  any  time  during;  one  (1)  charge,  three  (3) 
charges,  and  six  (6)  charges.  This  data  is  plotted  in  Fig.  7  and 
indicates  that  the  foam  has  a  tendency  to  increase  as  the  amount 
of  the  charge  material  is  increased.  Fig.  8  shows  a  comparison 
between  volume  of  foam  and  rate  of  H2  evolved  and  that  a  corollary 
relationship  exists. 

No  tests  were  run  to  maintain  a  constant  water  temperature 
in  the  generator  because  it  was  felt  that  a  field  generator  held 
at  a  constant  temperature  would  not  be  practical.  Therefore,  the 
mixtures  were  allowed  to  heat  up  as  the  reaction  proceeded. 

Initial  water  temperature  has  an  effect  on  reaction  time 
with  NaBH4.  The  observed  effect  is  most  prominent  in  the  range 
below  20“C.  This  is  illustrated  in  Fig.  9  where  two  identical 
charges  were  packaged,  one  was  reacted  in  6  gal  of  water  with  an 
initial  temperature  of  10*C  and  the  other  in  6  gal  of  water  with  an 
initial  temperature  of  21*C.  About  8  minutes  longer  reaction  time 
was  noted  in  the  run  with  10®C  water. 

On  28  February  1963,  fifty  (50)  NaBH4  charges  were 
supplied  to  the  U.  S,  Army  Electronics  Research  and  Development 
Laboratory.  The  generation  of  six  (6)  NaBH4  charges  (the  same 
formulation  of  those  supplied)  reacted  with  36  gal  of  water  is 
shown  in  Fig.  10,  This  generation  curve  is  typical  of  the  NaBH4 
charges  whether  it  be  one  charge  with  six  (6)  gal  of  water  or 
three  (3)  charges  with  eighteen  (18)  gal  of  water  at  initial  water 
temperature  of  20®C,  There  is  an  initial  high  generation  rate  of 
H2,  a  slow  down,  and  then  an  accelerating  effect  as  the  reaction 
proceeds  to  completion. 

Large  Scale  NaAlH4  Tests 

Small  scale  data  on  NaAlH4  runs  were  successfully 
applied  to  mock-up  large  scale  tests  with  NaAlH4,  The  major 
problem  encountered  with  NaAlH4  has  been  in  moderating  the 
reaction  with  water.  This  has  been  solved  by  blending  the  NaAlH4 
with  paraffin  wax  and  controlling  the  surface  exposed  to  reaction 
with  water.  Two  large  scale  runs  were  performed  with  NaAlH4  and 
these  tests  illustrated  that  a  uniform  H2  generation  in  the 
specified  30  minutes  is  obtained.  Fig.  11  shows  the  characteristic 
generation  rate  of  NaAlH4  for  a  single  45  cu  ft  H2  charge.  The 


FIG.  7  -  GENERATED  FOAM  VOLU^E 
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FIG.  8  -  FOAM  AMD  H2  EVOLUTIOM  RATE  COMPARISON 
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FIG.  9  -  TEMPERATURE  EFFECT  ON  REACTION  TIME 
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FIG.  10  -  HYDROGEN  EVOLUTION  RATE  WITH  SIX  NaBH4  CHARGES 
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FIG.  11  -  HYDROGEN  EVOLUTION  RATE  WITH  ONE  NsAlHg  CHARGE 
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second  large  scale  NaAlH4  run  was  made  using  three  (3)  45  cu  ft 
(STP)  H2  charges  (or  a  total  of  135  cu  ft  Hz  at  STP)  in  the 
AN/TMQ-3  Generator.  The  NaAlH4  charges  supplied  to  U.  S.  Army 
Electronics  Research  and  Development  Laboratory  on  28  February 
1963  can  be  used  in  the  experimental  generator  (Model  XI)  supplied 
on  that  date  or  in  the  AN/TMQ-3  Generator. 

On  28  February  1963,  six  (6)  NaAlH4  charges  were  shipped 
to  the  USAELRDL.  A  total  of  fifty  (50)  charges  were  scheduled, 
but  because  of  delay  in  receipt  of  NaAlH4  the  remaining  forty-four 
(44)  charges  were  not  packaged  until  29  March  1963. 

2.  Shelf  Life  Tests 


The  shelf  life  tests  were  continued  on  both  the  NaBH4 
and  NaAlH4.  The  data  obtained  is  tabulated  in  Table  3. 

Samples  of  NaBHa  and  NaAlH4  have  been  packaged  in  pellet 
and  cup  form  for  shelf  life  evaluation.  Additional  full  scale 
NaBH4  charges;  i.e.,  45  cu  ft  Hz  rated  charges,  have  been  packaged 
and  are  being  evaluated  for  shelf  life. 

NaBH4  -  Samples  of  50  gm  NaBH4,  stored  for  three  (3) 
months  at  ZO^C  were  evaluated  and  found  to  yield  equivalent  amounts 
of  Hz  but  required  slightly  longer  times  for  reaction. 

Cups  containing  25  gm  NaBH4  at  20 ®C  for  three  (3)  months 
gave  slightly  lover  yields  (3%),  in  slightly  longer  periods. 
However,  samples  stored  at  50“C  in  an  oil  bath  gave  significantly 
lower  yields,  30t  less  and  required  three  times  as  long  for 
reaction.  From  these  results  it  appears  that  storage  at  elevated 
temperature  may  adversely  affect  NaBH4. 

However,  when  samples  packaged  in  canisters  in  the 
manner  supplied  to  the  U.  S.  Electronics  Research  and  Development 
Laboratory  were  examined  for  this  effect,  it  was  found  that  by 
reducing  the  amount  of  water  used  in  the  reaction,  yield  was 
unaffected  and  reaction  time  could  be  reduced.  The  charge  con¬ 
taining  550  gm  NaBH4,  40  gm  LiH,  and  11  gm  CoClz  when  stored  in 
oil  at  100®C  for  46  hours  gave  an  equivalent  yield  as  the  fresh 
control  sample  but  required  almost  twice  the  reaction  time.  , 
When  an  identical  sample  was  stored  at  lOO^C  for  113  hours  and 
reacted  in  4  gal  of  water  instead  of  6  gal,  an  equivalent  yield 
was  obtained  in  about  601  the  reaction  time  of  the  control;  i.e., 

19  1/2  minutes  instead  of  32  minutes. 

From  these  results,  it  appears  the  effect  of  prolonged 
storage  at  elevated  temperatures  may  require  less  water  or  some 
agitation  of  the  packaged  material  to  enable  the  NaBH4,^ which 
may  be  caked^to  dissolve  faster  in  the  water. 
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i  TABLE  3  -  SHELF  LIFE  TESTS  WITH  NaBH4  AND  N0AIII4 
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-- 

2,9 

22 

60 

2.5 

4.03 

94.0 

212 

NaAll 

I4-2S 

0 

Cup 

6000* 

1.0 

23 

65 

2.1 

1.26 

83.5 

Control  Run 

213 

0 

Cup 

6000 

1.0 

23 

64 

2.5 

1.32 

89.5 

Control  Run 

214 

3 

20 

Cup 

6000 

1.0 

20 

60 

3.1 

1.32 

89.5 

215 

3 

20 

Cup 

6000 

1.0 

23 

62 

3.5 

1.37 

92.5 

216 

■ 

3 

50 

Cup 

6000 

1.0 

15 

63 

4.2 

1.32 

89.5 

217 

3 

SO 

Cup 

6000 

1.0 

23 

63 

3.1 

1.30 

88.0 

151 

NaBH4-50;  CoCl2*4 

3 

20 

Pellet 

10,000 

1.9 

25 

59 

7.7 

3.59 

85.0 

152 

3 

20 

Pellet 

10,000 

1.9 

22 

58 

9.5 

3.71 

88.0 

153 

1 

0 

-- 

Pellet 

10,000 

1.9 

20 

54 

7.3 

3.50 

83.0 

Control  Run 

206 

NaBIU*S0i  C0CI2  -2.2 

0 

-- 

Cup 

6000 

1.0 

21 

56 

6.9 

1.87 

89.0 

Control  Run 

207 

0 

-• 

Cup 

6000 

1.0 

21 

55 

9.0 

1.85 

89.0 

Control  Run 

208 

3 

20 

Cup 

6000 

1.0 

21 

55 

9.0 

1.81 

86.0 

209 

3, 

20 

Cup 

6000 

1.0 

22 

55 

8.5 

1.78 

B5.2 

210 

3 

SO 

Cup 

6000 

1.0 

21 

53 

24.5 

1.15 

55.0 

211 

i 

3 

so 

Cup 

6000 

1.0 

21 

51 

22.2 

1.23 

59.0 

2281 

NaBHi-SSO:  CoCl2-ll:  LiM-40  46  hr 

100 

Cup 

6000/14,000 

22.7^ 

20 

S3 

55.0 

46.0^ 

92.0 

Accelerated  at 

100*C  Storage 

229 

-- 

-- 

Cup 

6000/14,000 

22.7 

20 

57 

32.0 

46.0^ 

92.0 

Control  Run 

230 

IIJ  hr 

100 

Cup 

6000/14,000 

22.7 

20 

70 

19.5 

46.0^ 

92.0 

Note ;  1  Charges  In  Runs  228-2J0  typical  of  those  furnished  to  USERDL  on  28  February  1963. 

'2  Note  22.7  liters  equals  6  gal.  ' 

3  Cubic  feet. 

4  A  gage  pressure  of  6,000  pslg  gives  a  forming  pressure  of  1,900  psi.on  the  Materinl 
as  its  pressed  in  a  4S  mn  diameter  cup. 

A  gage  pressure  of  14,000  pslg  gives,  a  forming  pressure  of  4,500  psl  on  the  material 
as  its  pressed  in  a  45  mm  diameter  cup. 
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This  difficulty  with  the  NaBH4  charge  as  packaged  in 
a  can  requires  further  investigation^ 

NaAlHd  -  Three  month  shelf  samples  of  NaAlH4  in  pellets 
and  pressed  cups  stored  at  20*C  and  in  an  oil  bath  at  50*C 
continue  to  show  no  significant  difference  from  fresh  control 
samples.  This  would  indicate  that  storing  of  NaAlH4  at  elevated 
temperatures  has  no  significant  effect  on  its  shelf  life. 
Additional  samples  of  NaAlH4  packaged  in  sealed  cans  will  be 
evaluated  for  shelf  life  when  sufficient  material  is  on  hand. 

3.  Apparatus  Design 

The  purpose  of  all  experimentation  has  been  to  evolve 
a  system  which  utilizes  NaBH4  and  NaAlH4  to  generate  H2  for 
inflating  high  altitude  balloons.  Both  NaBH4  and  NaAlH4  will 
generate  more  H2  per  unit  weight  than  CaH2  which  is  currently 
being  used.  However,  the  problems  associated  with  NaBH4  and 
NaAlH4  and  the  relative  material  cost  must  be  considered  in  the 
selection  of' a  suitable  material  for  future  use  by  the  Army. 

A  method  of  packaging  NaBH4  and  NaAlH4  has  resulted 
from  this  work.  A  description  of  these  designs  follows.  It  has 
not  been  possible  to  reduce  the  size  of  the  generator  from  the 
size  of  the  AN/TMQ-3.  This  is  because  of  the  problem  of  foam 
associated  with  the  use  of  NaBH4.  Foaming  has  been  materially 
reduced,  through  packaging  techniques!  and  review  of  the  literature 
indicates  that  foam  has' been  reduced  over  that  encountered  by 
previous  experimenters.* 

In  the  development  of  the  canisters,  direction  of 
design  pertained  to  assembly  of  standard  types  of  packaging  even 
though  the  characteristics  of  H2  generation  with  NaBH4  is 
adversely  affected  by  conditions  such  as  quantity,  temperature 
and  types  of  water  (fresh  as  compared  to  saline).  The  programing 
of  the  Hy  generation  with  NaBH4  and  NaAlH4  has  also  been  directed 
to  make  both  packages  react  within  the  specified  30  minute  time 
period.  Both  materials  were  packaged  in  3  in.  dia.  canisters, 
this  being  considered  as  the  optimum  size. 

Canister  Design 

The  dimensions  of  the  canister  were  arrived  at  by 
projecting  the  small  scale  test  into  a  large  scale  basis.  A 
curve  was  constructed  which  indicated  that  a  5  in.  dia.  canister 


*  The  Generation  of  Hydrogen  from  Sodium  Borohydride 
Ethyl  Corporation,  30  December  1944. 
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would  be  required  for  the  reaction  of  NaBH4  to  evolve  45  cu  ft  H2 
at  STP  from  a  single  charge  in  a  time  of  25  minutes o 

A  4  3/4  in.  dia.  mold  was  used  to  package  two  (2)  test 
canisters  (4  3/4  in.  dia,  x  3  1/4  in.  high).  The  water  used  to 
react  the  NaBH4  was  reduced  from  twelve  (12)  to  six  (6)  gal  per 
each  45  cu  ft  charge.  The  water  was  reduced  to  stay  within  the 
specifications  of  the  contract  (less  than  50  gal  of  water  for 
270  cu  ft  H2) .  The  reaction  time  for  both  of  these  test 
canisters  was  approximately  8  minute  and  the  H2  was  evolved  at 
an  excessive, accelerating  rate.  The  data  was  taken  from  these 
runs  and  plotted  on  log  log  paper  as  surface  area  (sq  cm)  vs  grams 
reacted  per  minute.  The  new  canister  size  was  predicted  from  this 
curve  at  3,14  in.  dia.,  but  rounded  off  to  3  in,  which  was  con¬ 
sidered  the  minimum  size  dia.  that  could  be  used  for  both  the 
NaBH4  and  NaAlH4  canister.  This  was  due  to  the  restriction  of 
the  adapter  used  to  connect  the  NaAlH4  charges  in  the  AN/TMQ-3 
Generator. 


The  results  from  the  testing  of  the  3  in.  dia.  cups  with 
NaBH4  were  not  satisfactory,  because  of  the  continued  excessive 
accelerating  affect  from  the  C0CI2  as  the  reaction  proceeded 
through  the  length  of  the  charge.  At  this  point,  the  amount  of 
C0CI2  was  reduced  (discussed  previously)  to  lessen  the  accelerating 
affect . 


The  canisters  to  hold  both  NaBH4  and  NaAlH4  charges  were 
specified  and  fabricated  as  shown  on  Fig,  12  and  13,  respectively. 

The  NaBH4  charge  canister  contains  550  gm  NaBH4,  40  gm 
LiH  and  11  gm  C0CI2  and  is  pressed  in  two  stages,  top  at  2,750  psi 
and  the  bottom  at  5,500  psi.  This  charge  is  operable  in  only  the 
MSAR  Model  XI  Hydrogen  Generator  (See  Fig.  14), 

The  NaAlH4  charge  canister  contains  825  gm  NaAlH4, 

140  gm  wax  and  pressed  at  5,500  psi  and  is  operable  in  both  the 
AN/TMQ-3  and  the  MSAR  Model  XI  Hydrogen  Generator, 

Generator  Design 

The  preliminary  design  and  fabrication  of  the  generator 
was  completed  on  28  February  1963  and  shipped  to  the  U.  S.  Army 
Electronics  Research  and  Development  Laboratory,  Fort  Monmouth, 

New  Jersey. 

The  specifications  given  in  the  Army  Technical 
Requirements  SCL-5743-A  are  listed  in  a  section  of  this  report, 
(See  Purpose).  The  design  and  shape  of  the  generator  also  took 
into  consideration:  compactness,  ease  of  operation,  temperature 
of  evolved  hydrogen,  ease  of  assembly  and  disassembly  and  the 
maximum  amount  of  evolved  hydrogen. 


FIG.  13  -  NaAlH4  CANISTER 
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Six  gal,  of  water  for  each  charge  was  used  to  maintain 
the  water  temperature  below  140 and  a  H2  evolution  time  of 
30  minutes  for  NaBH4,  The  volume  required  for  foam  containment 
was  determined  and  estimated  to  average  about  35  cc/gm  NaBH4, 
Thus,  for  a  six  (6)  charge  run,  it  would  require  a  void  space  of 
approximately  4.4  cu  ft  and  a  total  volume  of  approximately 
9.2  cu  ft. 


From  this  data,  an  apparatus  was  designed  which  would 
have  a  volume  of  9.2  cu  ft  while  in  operation  and  a  volume  of 
6.2  cu  ft  in  the  stored  position.  The  apparatus  is  shown  in 
Fig.  14  and  shows  the  generator  in  an  operating  position.  The 
generator  as  seen  consists  of  a  20  3/4  in.  ID  x  15  in.  high  unit, 
which  contains  a  stainless  steel  basket,  Fig.  15,  used  to  hold 
one  (1)  or  up  to  six  (6)  charge  canisters.  The  basket  is  held  in 
place  by  brackets  and  is  dropped  into  the  water  by  a  quick  release 
mechanism  which  is  operated  by  an  external  knob  located  on  top  of 
the  generator.  This  unit  is  designed  so  that  it  may  be  placed 
over  any  size  of  open  head  drum  having  a  22  3/8  in.  ID  rolled 
steel  edge.  The  generator  is  sealed  by  placing  the  manual  lever 
action  u-type  clamp  over  the  two  drum  edges  and  closing.  A  water 
level  scale  is  painted  on  the  inside  of  the  water  drum  at  increments 
of  6  gal ,  up  to  36  gal. 
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CONCLUSIONS 

During  this  quarter  the  preliminary  design  and  fabrication 
of  NaBH4  and  NaAlH4  canisters  and  a  model  hydrogen  generator  were 
completed.  Fifty  (SO)  NaBH4  and  fifty  (50)  NaAlHa  charges,  each 
containing  sufficient  material  to  generate  45  cu  ft  (STP)  were 
completed  and  shipped  to  the  U.  So  Army  Electronics  Research  and 
Development  Laboratory.  MSAR  personnel  demonstrated  two  NaBH4  runs 
using  three  (3)  charges  (or  135  cu  ft  of  H2)  in  each  run  to  U.  S. 
Electronics  Research  and  Development  Laboratory  personnel  on 
20  March  1963. 

The  major  problems  encountered  in  obtaining  uniform  H2 
generation  has  been  presented  by  NaBH4,  with  NaAlH4  being  much  more 
predictable.  A  summation  of  the  work  conducted  thus  far  is  as 
follows : 

1.  Attempts  to  scale  up  small  laboratory 
size  NaBH4  experiments  failed  to 
produce  the  desired  results.  This  was 
particularly  true  of  surface  area 
affects.  A  4  3/4  in.  cup  reacted 
completely  in  8  minutes  rather  than 
the  predicted  30  minutes. 

2.  As  of  this  report  a  uniform  H2 
evolution  rate  has  not  been  obtained; 
however,  seeding  the  NaBH4  with  LiH 
and  C0CI2  has  produced  a  more  pre¬ 
dictable  reaction  time. 

3.  Foam  has  been  materially  reduced  by 
using  a  3  in.  dia.  canister  and  a 
limited  amount  of  CoCl2c  H2  evolution 
may  be  improved  with  other  combinations 
of  catalysts, 

4.  Although  foam  has  been  reduced  from 
values  reported  by  other  investigators, 
it  continues  to  be  a  problem  in  large 
scale,  270  cu  ft  Hz  generations.  A 
generator  slightly  larger  than  the 
AN/TMQ-3  will  be  required  for  H2  gen¬ 
eration  of  270  cu  ft. 

5.  Generation  of  H2  from  NaAlH4  is 
relatively  simple  in  the  current 
AN/TMQ-3  G''“Trator  as  well  as  the  MSAR 
Model  XI  Hz  Generator  designed  for 
NaBH4  reactions. 
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6.  Since  a  reduced  amount  of  water  adversely 
affects  the  H2  generation  from  NaBH4, 
sufficient  water  is  required  to  maintain 
the  reaction  temperatures  below  about 
60 “C.  This  factor  also. helped  dictate 
the  generator  size.  It  had  to  be  of 
sufficient  size  to  contain  the  desired 
amount  of  water.  There  must  also  be 
sufficient  free  volume  in  the  generator 
to  prevent  foaming  over.  Anti-foam 
agents  other  than  turpentine  which  has 
proven  the  most  effective  may  also  be 
investigated  since  uniform  H2  generation 
from  NaBH4  is  highly  desirable. 
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FUTURE  WORK 

During  the  next  quarter  efforts  to  improve  the  NaBH4 
charge  will  be  made  by  using  additional  catalyst  such  as  B2O3, 
AICI3  and  oxallic  acid  in  combination  with  C0CI2  and  investigation 
of  water  soluble  plastic  films  for  containing  anti-foam  agents 
which  are  required  for  the  final  stages  of  a  NaBH4  reaction  when 
foam-over  occurs  will  be  investigated.  Anti-foam  agents  other 
than  turpentine  which  has  proven  the  most  effective  may  also  be 
investigated;  uniform  H2  generation  with  NaBH4  does  not  make  the 
use  of  anit-foam  agents  mandatory. 

An  economic  evaluation  of  materials  and  the  relation  of 
NaBH4,  NaAlH4  and  other  promising  materials  will  be  compared  to 
CaH2  on  a  production  basis.  Large  quantities  of  materials 
required  in  the  event  of  a  National  emergency  will  also  be  con¬ 
sidered. 


Following  the  evaluation  of  the  test  Model  XI  Generator 
by  the  U.  S.  Electronics  Research  and  Development  Laboratory,  two 
development  model  generators  will  be  fabricated  incorporating  any 
possible  revisions  that  would  improve  the  generator  design. 

One  hundred-fifty  (ISO)  NaBH4  charges  will  also  be 
packaged  Including  any  revisions  which  will  improve  the  charge. 
These  are  to  be  supplied  on  31  May  1963. 

Shelf  life  tests  will  continue  and  thus  add  to  the 
information  from  which  specifications  required  for  storage  will 
be  determined. 

A  manual  with  directions  for  operating  the  H2  gen¬ 
erators  and  descriptions  of  the  charges  supplied  will  be  completed. 
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PERSONNEL  ASSIGNED  TO  CONTRACT 

Hours  Charged 

Carter,  William  Julian  213 

Kunard,  David  J.  24 

McGoff,  Miles  J.  68 

Spencer,  Richard  A.  33S 

TOTAL  640 


MSA  Researck  Corporation 


li 


DISTRIBUTION  LIST 

No.  of  Copies 

Commanding  General  1 

U.  S.  Army  Electronics  Command 

ATTN:  AJ-ISEL-AD 

Fort  Monmouth,  New  Jersey 

Commanding  General  1 

U.  S.  Army  Electronics  Command 

ATTN:  AMSEL-ILG 

Fort  Monmouth,  New  Jersey 

Commanding  General  1 

U.  S.  Army  Electronics  Command 

ATTN:  AHSEL-RE-C 

Fort  Monmouth,  Ke\f  Jersey 

Office  of  the  Assistant  Secretary  of  Defense  1 

(Research  and  Engineering) 

ATTN:  Technical  Library 
Room  The  Pentagon 

Washington  25,  D.  C. 

Office  of  Chief  of  Research  and  Development  1 

Depaidanent  of  the  Army 
ATTN;  CRD/M 
Washington  25,  D.  C. 

Chief,  United  States  Army  Security  Agency  1 

ATTN:  ACofS,  G^t  (Technical  Library) 

Arlington  Hall  station 
Arlington  12,  Virginia 

Commanding  General  1 

U.  S.  Army  Communications  Electronics  Combat  Development  Agency 
Fort  Huachuca,  Arizona 

Commanding  Officer 

U.  S.  Anny  Electronics  Research  and  Development  Actbrlty 
ATTN:  Missile  Meteorology  Division 
White  Sands,  New  Mexico 


1 


39 


MSA  Research 


Corporation 


DIOTRIBUTION  USI 


No.  of  Copies 

Commemding  Officer  1 

U.  S.  Army  Electronics  Materiel  Support  Agency 
ATTN:  SED'IA-ADJ 
Fort  Monmouth,  New  Jersey 

Commonding  General  1 

U.  S.  Continental  Army  Command 
ATTN:  ATINT-FCiO 
Fort  Monroe,  Virginia 

Commanding  General  1 

Army  Materiel  Command 
ATTN:  RTd)  Directorate 
Washington'  25,  D.  C. 

Commanding  General  1 

U.  S.  Army  Materiel  Command 
ATTN:  AMCHD-RS-ES-A 
Washington  25,  D.  C. 

Headquarters,  United  States  Air  Force  1 

ATTN:,  AFCIN 
Washington  25,  D.  C. 

Commander  1 

Rone  Air  Development  Center 
ATTN:  RAOTL 

Griffiss  Air  Force  Base,  New  York 

Commander  1 

Air  Force  Cainbridge  Research  Laboratories 
ATTN:  CRXL-R 
Lawrence  G.  Hanscom  Field 
Bedford,  Massachusetts 

Chief  of  Naval  Research 
ATTN:  Code  427 
Department  of  the  Navy 
Washington  25,  D.  C. 


I 


40 


MSA  Research 


Corporation 


DiarREBUTION  LIOT 


No. 


Bureau  of  Sliipa  Technical  Library 
ATTN:  Code  312 
Main  Navy  Building,  Room  I528 
Washington  25,  D.  C. 

Chief,  Bureau  of  Ships 
ATTN:  Code  45!; 

Deportment  of  the  Navy 
Washington  25,  D.  C. 

Director 

U.  S.  Naval  Research  Laboratory 
ATTN:  Code  202? 

Washington  25,  D.  C. 

Chief  Signal  Officer 
Department  of  the  Army 
V/ashington  25,  D.  C. 

Commanding  General 

U.  S).  Army  Combat  Developaent  Command 

ATTN;  COant-E 

Fort  Belvolr,  Virginia 

Cotancnding  Officer 

U.  S.  Army  Chemical  Warfare  Laboi-atories 
ATTN;  Technical  Library,  Building  #330 
Array  Cher.iical  Center,  Maryland 

Comnander 

Armed  Services  Tecluiical  Information  Agency 
ATTN:  TIPCR 
Arlington  Hall  station 
Arlington  12,  Virginia 

Chief,  U.  S.  Vteather  Bureau 
Instrumental  Engineering  Division 
ATTN:  Donald  T.  Acheson 
Washington  25,  D.  C. 


of  Copies 
1 

1 

1 

1 

1 

1 

10 

1 


41 


MSA  R  esearch 


Corporation 


DI3TRIBUTIQN  LIST 


No.  of  Copies 

Industrial  Preparedness  Activity  1 

U.  S.  Army  Klectronlcs  Materiel  Agency 
ATTN:  L.  Goldberg 
225  S.  I8th  St. 

Hillodelphia  3>  Pennsylvania 

U.  S.  Army  Ileaearch  Office  1 

Research  Analysis  Division 
ATTN:  Dr.  Hoyt  Lemons . 

Arlington  Hall  station,  Vhrginla 

•  Commander  1 

Wright  Air  Development  Division 
ATTN:  VWAD  Library 
Wright  Patterson  Air  Force  Base,  Ohio 

Library,  Boulder  Laboratories  1 

National  Bureau  of  Standards 
Boulder,  Colorado 

U.  S.  A.  Electronics  Research  and  Development  Laboratory  1 

Liaison  Officer 

U.  S.  A.  Combat  Developments  Cozomand 
ATTN:  CDCLH-EI. 

Fort  Belvoir,  Virginia 

U.  S.  Array  Artillery  Board  1 

Coordinating  Test  Activity 
ATTN:  Mr.  Wollcer 
Fort  Sill,  OldLohoma 

Headquarters  1 

U.  S.  Army  Test  and  Evaluation  Connand 
Directorate  of  ITOC  Testing 
Aberdeen,  Moryland 

Chief,  U.  S.  Weather  Bureau  1 

ATTN:  Library 
Washington  25,  D.  C. 

Chairman  1 

U.  S.  Anay  Chemical  Corps  Meteorological  Committee 
Fort  Detrlck,  Maryland 


MSA  Researck  Corporation 


42 


DISTRIBUTIOH  LIST 


Ho.  of  Copies 

Coraniandlns  Officer  1 

U.  fi.  Army  Chemical  Corps  Proving  Ground 
ATTN:  Meteorological  Division 
Dugvaj'  Proving  Ground,  Utah 

Director  1 

U.  S.  Arr-iy  Chemical  Corps  Operations  Research  Group 
Army  Cheraicul  Center 
Edgewood,  Maryland 

Commanding  Officer  1 

U.S.  Army  Electronics  Research  &  Development  Laboratory 
ATTN:  Director  of  Research 
Fort  Monmouth,  New  Jersey 

Commanding  Officer  1 

U.G.Arriy  Electronics  Research  Ss  Development  Laboratory 
ATTII:  Chief,  Technical  Information  Division 
Fort  Mon).iouth,  New  Jersey 

Commanding  Officer  1 

U.S.  AiViiy  Electronics  Research  Cs  Development  Laboratory 
ATTN:  Adjutant  Branch,  Mail  File  and  Records 
Fort  Moniiiouth,  New  Jersey 

U.S.A.  Combat  Developments  Coesnand  Liaison  Office  1 

U.S.  Army  Electronics  Research  &  Development  Laboratory 
Fort  Monmouth,  New  Jersey 

Commanding  Officer  2 

U.S.  Army  Electronics  R&D  Agency 

ATTN:  SI'ILRA/SM 

Fort  Monmouth,  New  Jersey 

Transportation  Officer  for  Activity  Supply  Officer  5 

USAELRDL,  Logistics  Division 

Building  v2504,  diaries  Wood  Area 

Fort  Monmouth,  New  Jersey 

ATTIT:  SETJ^A/SMS 

Contract  Ho.  DA36-O39  GC-90699 


4 

M 

a 

X 

o 

•<  • 

to 

o 

M 

*3 

•9  *0 

•  Ot 

o 

U1 

•M 

3 

<  Ol 

14 

M 

M 

6 

o  a 

h* 

u. 

tM 

•H 

0 

H 

H 

tim 

M 

M 

6..* 

• 

M  Ol 

<k* 

to 

c: 

«H 

O  M 

•  M  • 

U  1 

Mto 

e 

4 

M4 

MOM* 

4  U 

H(0 

< 

0 

O  M 

O  UtM 

M  to 

i^< 

u 

m4 

X 

M  O 

M  6  O 

M  1 

<U 

u 

M 

M  O  U 

B  Ol 

y 

z 

4 

•H 

4  au 

O  to 

z 

^  a 

a 

X 

X  M 

U  (O  IS 

u  o 

a 

. 

• 

• 

• 

• 

i _ 

fN 

to 

a 

a 

4 

M 

X 

M 

•M 

o 

•3 

•  <  . 
*“»  K, 

* 

a 

to 

t  Ol 
<  Ol 

a 

M 

B 

•  z  • 

a  a 

14 

<M 

•r* 

O 

o 

b. 

M 

B  >H 

M  Ol 

M 

B 

O  M 

•  M  • 

U  t 

<  M 

to 

O 

4 

M  4 

M  OtM 

4  U 

M  to 

$ 

u 

0 

•M 

-* 

X 

M 

O  M 

M  O 

O  UtM 

M  B  Q 

M  O  U 

Mto 

M  1 

B  Ol 

SB 

u 

4 

•M 

X  O 

4  au 

U  to  £ 

o  to 

y 

a 

X 

Z  M 

UO 

a 

—4 

f>* 

to 

M 

a 

•  -*  M 

o  a 

O  4 

M 

O 

B3  M  B 

M  -*  O  U  4 

Z  •  •  -*  M 

bJ  o  a 

4  4 

M 

4 

B3  M  O  B 
M  ••*  4  U  -*  4 

z  -* 

4  3  M 

3  *0 

O  MO 

u  Z  M 

4  3  M 

3  *9 

O  M  OX 

o-<< 

M  4  O 

O  6 

M  4  4tM  U 

C  •  O  -H  < 

M  4  O 

O  B 

M  4  4  tM  ••*  U 

M  M  M  a 

o  a  B 

M  4  a 

tM  M  >tM  4* 

Z  Z  M  M  M  O 

4  g  B 

M  4  a 

tM  M  >tM  4* 

.o  x^ 

M  'H 

M  «  O 

4«N  4  4-^0 

o  M  a 

M  -H 

MO  O 

4  M  o  O  -*  o 

4  0  4 

H  a xz 

3M  A<N 

H  X  O  X<  — 

4  4  4 

K  a xz 

3»N  >tN 

aM  Ol 

•H  M  M 

u 

4  4  4  M'H 

X  tt  a  M  Ot 

•M  M  M 

u 

4  4  O  M 

o  4  a  Ol 

BOB 

•  M  M  • 

4  4  6  4  M 

4  4  a  a 

B  4  B 

•MM* 

o  o  bom 

z  3  -*  a^ 

4  a  o 

O  O  4  X 

•M  M  M  ••*  — *  4 

z  a  -*  a  A. 

4  a  O 

O  O  4X 

p4  M  M  ••*  6  4 

6  0-3 

u  u 

Z  M  O  M 

a  4  M> 

•  •  5  0  3 

U  U 

Z  M  O  M 

a  4  M 

4  *01  O 

4  4  3 

q  X  B  4 

4  a  4  *Ol  4 

4  4  3 

g  X  B  4  4 

•  •14  t  -H 

O  M  4> 

-*-14  0 

4  -*  40  O  O 

.  a  z  •  1  4  1  ••* 

4  M  O 

M  ■•*  O  O 

4  .H  •TO  4  O 

tM  O  UtM 

ea  OX 

o  B  z  a 

to  MX-^  6*m 

ptM  4UtM 

M4X 

o  3  Z  g 

to  MXM  aM 

IM  -4  -*  (O  'H 

M  M  M 

3  4  6 

4  a  o  a 

-  O  tM  M  to  *H 

M  M  M 

3  4  B 

4  a  o  a 

O  X  1  M 

4  4 

O  u  4  O 

4  4  M  4  a 

O 

XU  O  X  I  4 

4  4 

O  U  4  0 

O  4  M  o  a 

U  •  4  Ol  4 

X  'H  M 

r.  u  £ 

•  Z  a4  4 

z 

M  U  U  •  4  Ol  4 

X  'H  M 

£  U  £ 

•  z  a  M  4 

UH  Mto  4 

U  B  B 

•r*H 

CA3  a  4 

O  <  U  H  M  K)  4 

U  B  C 

♦•* 

063  o  4 

£  Z  O 

4'M 

z  X  B  M 

B  Btw  4 

B 

-*a  £  z  0-4 

4-4 

Z  X  B  M 

B  B«M  4X 

C  •  t  U 

a  u  t* 

^  O  M 

-*  4  O  0  4 

O 

M  O  •  1  U 

a  u  H 

<  -*  O  M 

•M  4  0  H  ♦ 

•  a  •  a  B 

•H 

^  <  M  O 

a  o  M  X 

•M 

4  U  •  Ck  *06 

•H 

to  Z  M  O 

a  o  z 

1 1M  4  to  a 

0  3  4 

m!  4  M  b. 

B  3  4  >  O  M 

4 

u  a  1  X  4  to  a 

0  3  4 

£  4  MU. 

6  3  O  a  M 

Z  3  I  W 

M  O 

Z  U 

•M  4  M  4  X  < 

4 

a  z  a  •  ^ 

M  4 

Z  U 

•H  4  M  4  •< 

•  -t  < 

S'  *4  O  M 

MM 

M  O  M 

A  A  ^  M 

M  M  4  XH  4 

c  m  ^  9 

4 

•H  •  -*  < 

e  M  sr  tA  ^  a  isi 

M  M 

M  4  M 

O  A  M 

M  M  4X  6  d 
emu  a  S' 

U  OH  WH  O 
<  ^  «>tu  **  * 

U  <  CC  •  U  « 
<«  O  U  •  O  O 
MX  UO  O.MO 

oG  B  «  Ml 
ix^  it  a,  e  ^ 

M  X  d.  0^4 
O  (OH  U  I 
U«  .J  •  «o 
O  •  K) 

JC  b.  <  u  '0/-^  I 
U  HOi*h2 
M  Z  •  ac  *-1  HO  to 
ftOc^<  I 

om  a  *10  • 
•»H  •CV-^'O  O 

M  •*!  9S 

«  flZ  V  O  M  CK 
w  M  «  0.<  M 

<z  Ml-4<M  O 

S  !SBJp-£^ 


M  Ou  «  • 

a  H  M  M 
(/)  M  O 
M  O  M 

M  M  o  a 

«>  «  O  M 
M  BO 


a  6  u 

O  U'H  O 
(4  a  M 
M  to  M  *0 
(««  i3  X 
UWO^ 


M  to  UJ 

a  X 
M*a  XM 

o  B  a  o 
6  a  M  M 


*0  U  O  B 
X  MO 
^  ^  fi 

x-o  a. 

M  00  o  0 
M  O  O.*^ 

oz  OiO 

M  *H  > 
0^0 
<to  «io 


4  M  fi  C4; 

O  >  O  M 

M  O^ 

4  O  O  M  B 

O  a«»  3  0 
4  M  C  O  O 
M  O  O  to  O  » 

4  a^w>  *« 

o  o  o  o 

M  M  M  <0  A 
jS  0.0  B 
O  M  MOO 

tM  e  M  a  uu 

•M  O  4  M  O  B 
-I  fl  X  4  M  O 
M  M'a  H 
tM  o  o  x«  • 
-too  a,JStftU 
o  M  M  6  MO 
4!  «  4  O  B  M  O 
(/)  M  U  M  0*010 


OH  to  •' 

•H  .J  »Uj 
M  <  M  ac 


M  <  M  ac  »  u  H 
4  O  U  •  4  C 
MX  U  O  O.  M  C 


tt  H  -o  Z 

M  Z  »  (4  Ot  tO  lO 

4  0  C£  <  ^  I 
ONH  a  to  t 

M  H  ♦O'-*  HO  O 

O  <  M  Z 

ecec  vd  ux 

Ui  **x  rM<  M 

•4  (U  hi  N4  <  to  U 

O  to  Z  4  X  £  O 

<  S!ouh-m  w-» 


M  C.  4  • 
a  H  M  M 
to  4  O 

M  O  M 
M  M  U  4 
O  4  O  M 
M  BO 


a  B  o« 
O  U'N  o 
a*  4  M 
X  to  M 
4*»a  X 


M'O  XM 

o  B  e  o 

B  4  M  M 
O  <4 
MM  M 

o  •  o 

B  Mtoa 
O  M  4 
M>H  •mi 

O  Ba 
M  4  M 
t>  O  6 
X  MO 
^  ^  ■ 
X  -a  a. 
M  CO  O  O 
M  4  a-« 
oz  ao 

M  > 
0X0 
<  to  4  a 


o  a  o  x*H 

u  -*  M  4  M  O 
4  M  g  3X 
o  >  -4  M 

M  0*0 O 
4  OU  >  B 

O  U»  O  O 

M  M  B  e  O 

M  O  O  to  B  a 

4  a  ^  w  O  M 

O  O  MO 

M  4  M  4  O  X 

X  ao  M 

O  M  M’O  O 
M4  B  M  a  XU 
.p«  o  4  M  X  6 
0X  4  O 
M  M  O  M 
tM  O  OX  O  * 
-too  aMMt  u 
o  M  M  c  M4» 

X  X  4  O  B  ••*  O 
to  M  U  M  O  TS  to 


B  •  tt  «  d'O 

O  2r  £  O 

e  -M  •  M  ot 

o  M  •  M  •  U  * 

U  OtM  4<J 
o  M  O  UtH  Mto 

MO  M  6  O  M  * 

^  B  M  OO  BOI 

xo  4  au  OtO 

a;  ea  U  to  Z  U  o 


c  •x  •  o o 

O  2 

B  >M  ♦  MO 

O  M  ♦  M  *  U  t 

U»4  M  OtM  4U 

O  M  O  U  M4  M  to 

MO  M  C  O  Ml 

-4  C  M  O  t^  6  Ot 

>, o  4  a u  OK) 

X  <4  tuto  Z  U  O 


to  to  I 
X  o 

Z  •  0»  M 

UJIO  o  -*a 

•  o  —  * 

Cf  Z  M  M  ’H  O 
O  M  M 
X  X o  X a** 
XCQ  aM<oi 
0  4  Ot 

•  •  8  •*  e*a 

4tO  4  oi  o 
a z  * ^  •It* 
StM  MUM* 

•  •0«M-4  O(0*H 

O  XX  O  -*  t  4 
z  MxG  4 

0<UH4n4 
S  -*«SgMO^ 
O  *0  O  t  u 
•H  4UI  •»•  *25 
4  uatoui  *103 

4  a  “S*'-' 

n  *H  *  9  ^ 

u  BMZ(0-*aN 
U  OH  o 

<  .H  X  omK*  M  I 
M<  mS  U*4 
4  OU  *40 

sssiis? 

&S8.*-  §S 

Ses^S  “i 

o  •«  •  to 

XX<{UtOK<«  t 
U  H  O  -*  •« 
MZ  ««OOiO 
40tt<-«  » 
otH  a  to  • 

4H  •O'-^OO 
0<  M  K*  z 
zS  OO  MZ 

gM  z  a<  M 

9  S8ugK*c^ 


MX 
6U  X 
f*x  M 
4a  4  « 
an  4  M 
(0  4  0 
M  O  M 
4  M  U  4 
O  4  O  M 

"  ..=  8 
0X4  0. 
•O  MX 
4  M  4 
U«M  *9  B 
4  O 
a  B  M 
O  UX  O 
U  4  M 
MiO  M’O 
44X  X 
XWOX 


*a  *0 

V  B 

M  4  a 

M  O  O 

X  a  X  z 
u 

•  M  M  • 
O  O  4  X 
Z  M  O  M 
4  4  3 

o  O 

O  6  Z  g 
*0  4  B 

S'^o£ 

a  X  B  M 
<-*  O  M 
tO<  M  O 
s:  4  M  Ik 
Z  U 
M  O  M 
o  e  -H  4 
M  to  tu 
4  >-< 

M'O  XM 
O  B  g  O 
B  4  M  M 
O  <4 
MM  M 
0*0 
6  M  to  X 
0  4  4 

M-*  •  X 
o  Ba 

M  4  M 

^  u  o  c 

X  MO 
X  4  0 

S'o  a 

MX  O  0 
4  4  a<M 

oz  ao 

M  •»*  > 
0X0 
<tO  40 


"3 

B  *0  M  O  S 
M  •**  O  U  4 
O  M  O  X 
M  4  4  tM  •**  L> 
tM  M  >tM  turn 
4  -I  O  O  H  O 

3  >  H 
4  4  O  M 

o  O  BOM 

^  M  M  >M  B  4 
a  4  M 
ex  B  4  4 
4-^4040 

to  M x*M  a -- 
4X0  a 
O  4  M  O  0 
•  z  aM  4 
h4*a  o  4 

e  ctM  4X 

4  O  H  4 

3  ox 

6  *3  O  >  -M 
.M  O  M  4 
M  M  4  X  B  4 
B  4  M  O  Z 

o  a  O  X-« 

g  -4  M  4  M  O 
4  4  C  3X 
O  >  -*  ** 

M  O  O  K-H  O 

4  OU  a  B 

o  ea*  o  o 

w  M  eo  _  o 
M  o  o  to  e  a 
M  a  o  M 
o  O  MO 

M  4  M  4  O  X 

X  a  o  M 

o  M  M  *0  O 
tM  6  M  3  X  U 
•M  O  4  MX  B 
-^0X4  O 
M  M  O  M 
tM  O  OX  o  • 
•MOO  aMtMU 
o  M  M  6  <M« 

XX  4  O  B^MO 
to  M  UM  07»tO 


o  •  o-< 

K  i*  M  M  -H  •< 

O  M  MO 
>•►.0X3. 

X  X  a  M  <  '♦ 

0  4  0> 

tc  axB>^ 

•  •  B  ^  <0*0 
4tO  4  O  O 
Ct.  Z  •0*M 

8IM  4  I  tM 

IM  -M  o  U  ‘"t 

O  XU  O  to  4 

Z  M  U  U  •X  t  4 
O  <  U  H  4  Qi  4 
B  p^aZo-MK)** 

0-4  o  e  u 

4  lU  *  a  •  t  B 

4  ux^^uJ  •<oa 

4  a  z  4  to  w 

o  •H  '  3  » 

u  Bk*>:to-*<»^ 

u  o  H  (0-4  0  0 
<  -*  U  •  UJ  ‘*4  • 

M  <  M  z  M  4 

4  OU  *00 

MX  UO  *40 

OU  6Z  aM  I 

n,N4  oa  M-4 

MX  a  B^^ 

o  (OH  o  » 

UZ  U  U'O 

o  •Z  •  K) 

J5  u.  <  lU  to 
u  H  to  -*  r. 

MZ  •ZOtOlO 
4  C  Z  <-4  • 
0*4  3  *4  • 

4H  •cr-4xo 
o  <  M  44  Z 
z  Z  OO  MZ 
W  M  Z  a<  M 
<Z  Mt-I<w  U 

o  V)  w  4s:  z:  o 

<  liUUH*4W'4^) 


4  CM  4  • 

3  H  4  M 
to  4  O 

M  O  M 

4  M  U  (1 
O  4  O  M 
M  BO 

IN  B 
0X40 
-4  MM 
4  M  4 
UX'O  B 
4  O 

a  6  M 

0  04*0 
<4  4  M 

M  to  M  ^ 
4  4r  X  X 
U  W  o  X 


•3  K) 
o  B 
M  4  a 

H4  O  O 

X  a  X  z 
u 

•MM* 
o  o  4  X 
Z  M  O  M 
4  4  3 
-4-4  O  O 

o  6z  a 

*3  4  B 
O  U  4  O 
T,  OT. 

^M 

z  X  B  M 
<  -4  O  M 
M  <  M  O 
4  M  U. 

Z  U 
M  O  M 
o  e  -4  4 
M  to  pj 
4  X 

M  *3  X  M 
O  6  C  O 
B  4  M  M 
O  <4 
MM  M 
0*0 
B  M  (O  X 
0  4  4 

M-*  •  U 

o  B  a 

M  4  M 
*3006 
X  MO 

X  «»  a 
x*3  a 
M  a  o  o 

4  4  U-l 

OZ  ao 

M  •**  > 
OX  o 
<  tn  4  O 


S  *3  M  O  B 
M  'H  O  U  •N  4 
O  M  O  X 
M  4  4  tM  -*  U 
tM  M  >  tH  4* 

4  O  O  'H  O 

4  4  O  M 
O  O  BOM 
M  M  ••*  B  4 
a  4  M 
g  X  6  4  4 

4  •>*  ^O  4  O 
10  M  X  >  rj 

4«o^a 

O  4  M  o  g 

•  z  aM  4 
t4*3  O  4 
B  BtM  4  X 
•H  4  O  H  jy 

a  ox 

5  *3  o  >  *2 

••*  O  M  4  •  < 

M  M  4  X  B  4 

®  *»  is ..  5^ 

0  3  0  X"* 

u  -K  M  4  M  O 
4  4  C  9  <6 

o  >  'S  ** 

M  O  *3k%  O  ^ 

*•  S:  5 

o  M>  o  O 

4  M  60  O 

M  O  o  to  B  a 

4  a  o  M 

5  o  MO 

M  4  M  4  O  X 
X  ao  M 
o  M  M'O  O 

S)iS3i-8 

"“Sg-S 

i:8«8.5iJ 

o  M  M  □  x« 

X  X  4  O  B  *M  O 

(/)  M  UM  0*3  to 


